Sodium picosulfate/magnesium citrate (SPMC) is a widely used oral bowel cleansing agent considered to be relatively safe. However, partially dissolved or undissolved SPMC powder may cause severe injuries of the esophagus and stomach. We report a very rare case of acute gastric injury without esophageal damage caused by the ingestion of undissolved SPMC powder. A 69-year-old man experienced epigastric pain after swallowing SPMC powder without dissolving it in water in preparation for a screening colonoscopy. He realized his mistake immediately and subsequently drank 2 L of water. The esophagogastroduodenoscopy conducted after 12 hours indicated an acute gastric ulceration without injury of the esophagus or duodenum. The endoscopy conducted after 6 weeks of oral proton pump inhibitor treatment showed healing of the gastric injury. This suggested that drinking large amounts of water after ingesting partially dissolved or undissolved SPMC powder can prevent serious esophageal injury, but offers no preventive benefit for acute gastric injury.
INTRODUCTION
Sodium picosulfate/magnesium citrate (SPMC) is a widely used oral bowel preparation agent that combines a stimulant laxative (sodium picosulfate) with an osmotic laxative (magnesium citrate). It is approved for use in adults and children prior to diagnostic procedures such as colonoscopy, barium enema, and intestinal surgery. As a low-volume oral bowel cleansing agent with good patient compliance, SPMC has been used for more than 20 years in Europe. 1 SPMC is considered to be relatively safe, with complications arising only rarely. As a laxative, it may cause gastrointestinal side effects, including abdominal pain and persistent diarrhea. Although colonic mucosal inflammation following SPMC preparation has been reported, 2 endoscopically-confirmed esophageal, gastric, or duodenal mucosal damage induced by the inadvertent consumption of SPMC powder is very rare. It is generally recommended to dissolve the contents of SPMC powder completely in water (approximately 150 mL per sachet of SPMC). Immediately after the substance comes into contact with water, an exothermic reaction may occur and may result in chemical burning of the esophagus and stomach. 3 Two previously-reported cases showed that partially dissolved or undissolved SPMC powder ingestion had induced severe esophageal and gastric injury.
3,4
Herein, we report a very rare case of acute gastric injury caused by the ingestion of SPMC powder that had not been dissolved in water, with the subsequent prevention of esophageal injury by drinking large amounts of water immediately after ingesting the substrate.
CASE REPORT
A 69-year-old man presented to our hospital with epigastric pain having lasted 1 day. The patient was taking medications for hypertension and diabetes, but was not taking aspirin, anticoagulants, nonsteroidal anti-inflammatory drugs, or steroids. The upper gastrointestinal endoscopy examination he had received 1 year prior had revealed no abnormal findings, with no sign of Helicobacter pylori infection. He had ingested SPMC powder (Picolight; Pharmbio Limited, Seoul, Korea) to prepare his bowel for a regular check-up colonoscopy, but had forgotten to dissolve it in water. SPMC powder must be reconstituted with cold water immediately before use and should not be prepared in advance. Ten minutes later, the patient had realized his mistake and had immediately drunk approximately 2 L of water. Six hours later, he had begun to feel epigastric discomfort. 
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The patient' s laboratory test results (including his complete blood cell counts, coagulation, electrolyte, renal function, and liver function) were normal. He underwent an esophagogastroduodenoscopy (EGD) 12 hours after ingestion of the bowel-cleansing solution. The EGD revealed multiple longitudinal ulcers with hematin on the entire gastric body and antrum. There was no mucosal abnormality of the esophagus or duodenum (Fig. 1) . The histological examination of the biopsies taken from the lesions showed an infiltration of lymphoid cells and neutrophils intermingled with fresh hemorrhage in the lamina propria (Fig. 2) . H. pylori was not seen.
The patient was treated with an oral proton pump inhibitor (lansoprazole, 30 mg per day for 6 weeks). The symptoms decreased in intensity after 1 week, and completely disappeared after 6 weeks. Six weeks after the event, a follow-up EGD indicated an ulcer scar that was in a healing state as compared with the earlier findings (Fig. 3) .
DISCUSSION
Oral SPMC acts locally as both a stimulant laxative (by increasing the frequency and the force of peristalsis) and an osmotic laxative (by retaining fluids in the colon) in the large bowel. SPMC is generally well-tolerated by patients undergoing various intestinal procedures. The most frequent adverse reactions include gastrointestinal manifestations (e.g., nausea, vomiting, and proctalgia), and are generally mild-to-moderate in intensity. 5 Two cases of acute gastric and esophageal injury caused by SPMC powder have previously been reported. 3, 4 In the first case, the patient had ingested SPMC that had not been completely dissolved in water. The partially dissolved SPMC powder had induced severe corrosive esophagitis from the mid-esophagus to the esophagogastric junction and acute gastric injury, including erosions of the antrum and longitudinal ulcers with hematin on the gastric body. 3 In the second case, the patient had ingested the SPMC powder without dissolving it in water, and had only drunk a small volume of water afterwards. The EGD had shown a hemorrhagic vesicle formation in the lower esophagus, and multiple longitudinal ulcers coated with exudate on the upper gastric body. 4 In the present case, the patient ingested SPMC powder by only dissolving it in a small volume of water. Ten minutes later, he realized his mistake and drank approximately 2 L of water. Acute gastric injury involving longitudinal ulcers with hematin of the gastric body and antrum occurred; however, the esophagus and duodenum remained intact. According to this and the previously reported cases, undissolved SPMC powder may induce severe acute esophageal and gastric injury without duodenal injury. These findings suggest that drinking large amounts of water immediately after ingesting partially dissolved or undissolved SPMC may prevent SPMC-induced esophageal injury without preventing gastric injury.
The possible mechanisms of undissolved SPMC-induced esophageal and gastric injuries may lie in the strong acidity and exothermic reaction caused by incomplete dilution. 3, 4, 6 The dilution of SPMC in water is acidic and releases hydrogen ions by hydrolysis. Therefore, the dilution of SPMC in a low volume of water produces a more acidic liquid, which frequently causes gastroesophageal mucosal injury. 3, 6 Furthermore, SPMC powder itself may cause chemical burning of the esophagus and stomach from the exothermic reaction occurring immediately after the substance comes into contact with water. Therefore, it is recommended to dissolve SPMC powder in water completely and to cool it before ingestion.
